Phagocytosis of opsonized sheep red blood cells (SRBC) by alveolar macrophages (AM) was measured in rats fasted for 1 to 9days or fed on diets restricted 20 to 95% compared to control group for 2 and 8 weeks. In rats fasted for 1 to 6days, AM showed an increased phago cytosis at 2days after fasting, but their phagocytic activity remarkably decreased afterwards. Furthermore, phagocytic activity of AM per rat revealed much more decrease at 3 to 6days after fasting. Then the production of interleukin-1 (IL-1) by AM increased with prolonged fasting, but the production of prostaglandin E2 (PGE2) by AM cultured with lipopolysaccharide (LPS) conversely decreased in rats fasted for 2 days or longer. The proliferation of splenocytes increased with prolonged fasting. On the other hand, 20 to 95% restricted diets induced the increased phagocytosis of AM with prolonged experimental period. However, phagocytic activity of AM per rat showed significant increase only in rats on a 40% restricted diet. The findings suggest that differences in both duration and degree of dietary restriction modulate phagocytic function of AM, and may contribute to explaining , in part, conflicting observations which have been obtained on the immunologic state in malnourished animals.
It is well known that nutrition plays an important role in the host immune system. Some researchers have found significant impairments of cellular immune responses in calorie-restricted human and experimental animals, but others have reported an apparent enhancement of certain immunologic functions in moderately malnourished animals (1) (2) (3) (4) . Our previous studies (5) indicated that alveolar mac rophages (AM) from protein-calorie-restricted rats showed an increased tumori cidal activity in week 3, but in weeks 5 and 7 they did not. We also reported that the 50 S. MORIGUCHI, M. TOBA, and Y. KISHINO phagocytosis of opsonized SRBC by AM from rats fed on a 5% casein diet or pyridoxine-deficient diet was higher than that of the control group (6, 7) . These studies suggested that macrophage function would be affected by the nutritional conditions depending on the degree and duration of dietary manipulation.
In this paper we attempted to examine the effects of various dietary restrictions on phagocytosis, production of IL-1 and PGE2 by AM, and lymphocyte mito genesis in rats. The weight of thymus also decreased with increasing food restriction (group 2) and began to decrease from 2days after fasting (group 4). The spleen weight of group 2 was maintained throughout the experiment, regardless of a large decrease of body weight; when it was compared per 100g body weight, the spleen weight thus appeared to increase. However, the change of spleen weight in fasting (group 4) showed a similar tendency to that of change in body weight.
Numbers of thymocytes, splenocytes, and AM In rats fed on a mildly or moderately restricted diet (group 2), numbers of thymocytes showed a similar change to that of body weight, but splenocytes showed downward trends in number with increasing food restriction. In fasting (group 4), the number of thymocytes decreased to 50% of control group at 4days after fasting, but splenocytes were not significantly different in number from that of control group. There were no significant changes in number of AM per 100g body weight among experimental groups (groups 2, 3, 4).
Phagocytic activity of AM
In food-restricted rats (group 2), AM ability to phagocytose 51Cr-opsonized SRBC was enhanced with increasing degree of food restriction. The activity of AM from rats fed on the 60% restricted diet for 2weeks was enhanced 2.5-fold compared with that of controls. But phagocytic activity of AM from rats fed on the 80% restricted diet was not increased and revealed the similar activity to that of control group (Fig. 1A) , In phagocytic activity per rat, AM from rats fed on the 40% restricted diet showed a significant increase (p<0.05) and AM from rats fed on the severely restricted diet (group 3, 90 or 95% restriction compared to control group) showed a significant increase of phagocytosis at 3days or 3 to 6days, respectively, after onset of the experiment. However, AM from rats fasted for 1 to 6 days (group 4, 100% restriction compared to control group) showed a significant increase of phagocytic activity only at 2days after fasting ( Fig. 2A) . And in all days except the second day after fasting, phagocytosis of AM was significantly reduced. Phagocytic activity of AM per rat was unaffected by severe food restriction such as 90 or 95% restricted diet and was almost equivalent to that of control group (Fig. Fig.  3 . 2B). In fasting, a significant decrease of AM phagocytosis per rat was seen on days 1, 3, 4, 5, and 6.
IL-1 and PGE2 production by AM As shown in Fig. 3 , IL-1 production by AM of rats fasted for 4 to 6days (group 4) significantly increased and showed about 1.6-fold increase compared with that of control rats. The production of PGE2 by AM of rats fasted for 2days or longer significantly decreased (Fig. 4) Fig. 7 , in which phagocytic activity of AM changed depending on both the duration and the degree of dietary restriction. AM from rats fasted for 1 to 6days showed 1) temporary enhancement of phagocytic activity, 2) increased production of IL-l, and 3) a marked decrease of PGE2 production as shown in Figs. 2, 3, and 4 , respectively. The different results between IL-1 and PGE2 might be explained by the reports of Khansari et al. (17) , Kunkel et al. (18) , and Hayari et al. (19) . They found that IL-1 and PGE2 could be produced from separate subsets of monocytes or macrophages, and that production of IL-1 by AM was inhibited by the addition of exogenous PGE2. And it is well known that IL-1 is called lymphocyte activating factor (LAF) and acts on T lymphocytes to induce interleukin-2 (IL-2) receptor (20) . Furthermore, there is some evidence that PGE2 is a potent inhibitor of several lymphocyte functions including mitogenesis, cytolysis, and antibody production (21, 22) . From the above data on IL-1 and PGE2 it may be suggested that AM of fasted rats effectively act to enhance lymphocyte functions even though their phagocytic function was re markably reduced. In fact, the proliferation of splenocytes significantly increased in rats fed on 60 or 80% restricted diet and in fasted rats , as shown in Fig. 5 .
In conclusion, the present study suggests that both the duration and the degree of dietary restriction affect phagocytic activity of AM , which act to enhance lymphocyte function even in a severely restricted condition such as fasting .
